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The antioxidant activity of phenolic compounds isolated from Mesona procumbens Hemsl. (Hsian-
tsao) was investigated. Hsian-tsao was extracted with various solvents, and the results showed that
the fraction treated with acidic ethyl acetate (pH 2) possessed large amounts of phenolic compounds
and a strong antioxidant activity on peroxidation of linoleic acid. The antioxidant activity (inhibition of
peroxidation, IP%) of the acidic ethyl acetate of Hsian-tsao extract at 50 ug/mL (98.9%) was stronger
than those of 50 ug/mL a-tocopherol (78%) and BHA at 10 ug/mL (90%). When fractionated with
Amberlite XAD-7 gel chromatography, the acidic ethyl acetate fraction of Hsian-tsao extract was
separated into four subfractions (A—D). Subfraction B, with high yield and strong antioxidant activity,
was further isolated and purified and then identified as containing protocatechuic acid, p-
hydroxybenzoic acid, vanillic acid, caffeic acid, and syringic acid by means of UV, EI-MS, and 'H
and 3C NMR. The antioxidant capability of isolated compounds was also determined using the
thiocyanate system and the erythrocyte ghost system. The results indicate that the phenolic acids
could be important antioxidant components in Hsian-tsao, among which caffeic acid with the highest
antioxidant activity and the greatest content is most important.

KEYWORDS: Mesona procumbens Hemsl. (Hsian-tsao); antioxidant activity; phenolic acid; erythrocyte
ghost system

INTRODUCTION tiinflammatory and hepatoprotective effects, and relief of acute
and chronic hepatitis6( 7). Balanehru and Nagaraja®)(

I_Dhenollc compounds are naturally occurring substances IInreported that oleanolic acid and ursolic acid could protect lipid
fruit, vegetables, nuts, seeds, flowers, and some herb beveragee?<

and are an integral part of the human diet. Several studies hav Zrzouxll?z;?(;rll g; :gegrtrgéciﬁ{j?mzsv\;gg lic:)ir:é ereﬁsgggf:;
indicated that the antioxidant activities of some fruits and . - ¥) repc : .

i . X had high antioxidative and free radical scavenging abilities.
vegetables were highly correlated to their total phenolic contents o . A

- . : ) Moreover, the addition of the water extract of Hsian-tsao in

(1, 2). Hertog et al. §) found an epidemiological link between beverages reduced the oxidation of ascorbic acid in the drinks
the intake of polyphenols and the risk of cardiovascular disease 9 i ) ’
in humans. Several researchers have also shown evidence of in !N our previous study, we found that phenolic compounds
vivo antioxidant effects after ingestion of polyphenol-rich €xtracted from Hsian-tsao significantly contributed to the
beverages, such as tea and wig5]. Therefore, an investiga- antioxidant activity and freg radical scavenging effed8)( .
tion of such antioxidative phenolic compounds in edible plants However, the major phenolic components related to the anti-

has been conducted to improve our understanding of their dietary®Xidant effects were unclear. The purpose of this study was to
value and potential benefits. evaluate the antioxidant activities of compounds isolated from

The herbMesona procumberidemsl., called Hsian-tsao in Hsian-tsao extract with different systems, including the thio-

China, has been consumed as a popular herbal drink and QLyanate method and the erythrocyte ghost system.
gelatin-type dessert in the Orient. It has also been used as a

folk medicine to treat heat-shock, hypertension, diabetes, andMATERIALS AND METHODS

liver diseases. Many compounds, such as sterol compounds,
stigmasterolg-sitosterol, triterpene compounds, oleanolic acid,
and !.Jrsolic add' hgve been isolated erm Hﬁan-tﬁ;ad%ela;ed ., Merck (Darmstadt, Germany). BHA, linoleic acidy-tocopherol,
studies have In_dlcat_ed that oleqnollc_aCId and ursol_lc acid p-carotene, gallic acid, phenylmethanesulfonyl fluoride (PMSF), ascor-
showed many biological effects, including hypoglycemia, an- ¢ acid, and Amberlite XAD-7 resin were purchased from the Sigma
Chemical Co. (St. Louis, MO). Ammonium thiocyanate, potassium

* Author to whom correspondence should be addressed (fax 886-4-2285- hydroxide, sodium alginate, pyrogallol, and FetiGiocalteu reagent
4378; e-mail gcyen@mail.nchu.edu.tw). were purchased from the Wako Pure Chemical Co. (Tokyo, Japan).

Chemicals. 2,6-Dichloroindophenol (DIP), caffeic acid, thiobarbi-
turic acid, and disodium hydrogen phosphate were purchased from E.
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6-Hydroxy-2,5,7,8-tetramethyl-2-carboxylic acid (Trolox) was pur-
chased from the Aldrich Chemical Co. (Milwaukee, WI).

General Procedures.Nuclear magnetic resonance (NMR) spectra
were recorded on a Varian VXR-300S FT-NMR spectrometer (Harbor
City, CA) operated at 300 MHz folH NMR and at 75.43 MHz for

Hung and Yen

The concentration of the ascorbic acid in the Hsian-tsao extract was
determined through comparison with the absorbance of standard
ascorbic acid at different concentrations.

HPLC Analysis of Tocopherol Isomers andf-Carotene. Toco-
pherol isomers were extracted using the method of Yen and Qi&n (

13C NMR with complete proton decoupling. The spectra were observed Hsian-tsao water extract (1 mg) was mixed with pyrogallol (6 mL,

on CD;OD. Chemical shifts were recorded asvalues using tetra-

6%) and potassium hydroxide (4 mL, 60%), and the mixtures were

methylsilane as an internal standard. The electron impact mass spectrancubated at 70C for 20 min. A portion (15 mL) of distilled water

(EI-MS) were recorded on a JEOL JMS-SX/SX 102A mass spectrom-

eter (JEOL Co.). The U¥vis absorption spectra of the active

was added to the mixture, which was then extracted mitiexane (15
mL). The hexane layer was dried overJS&s and then evaporated to

components in solution were recorded on a spectrophotometer (Hitachidryness. The resultant residue was redissolved in 5 mh-loéxane

U-2000).
Sample Preparation.Dried Hsian-tsaoNlesona procumbertdemsl.)

and separated on HPLC. Tocopherols were determined in a LiChrosorb
Si-60 column at 295 nm and with a mobile phasenshexane/2-

harvested in 1995 was purchased in Hualian, Taiwan. The sample waspropanol/ethanol (100:3:2, v/v/v) at a flow rate of 1.0 mL/min.

ground into a fine powder with a mill (RT-08, Rong Tsong, Taichung,

p-Carotene was extracted using the method of Kitada etldl). (

Taiwan). The powder was passed through an 80-mesh sieve, collectedHsian-tsao water extract (0.1 g) was mixed with 10 mL of 1% pyrogallol

and sealed in a plastic bag, and then stored-at @C for further use.
Preparation of Hsian-tsao Extracts and Fractions.The liquid—

in methanol/dichloromethane (1:1, v/v). The mixture was filtered
through a 0.45:m filter and injected into the HPLC. Analysis of

liquid extraction method was used to obtain several fractions containing S-carotene was conducted using HPLC with a-is detector (470

different classes of polyphenolic compounds. Five kilograms of Hsian-

nm) and a LiChrosphere RP-18 column (2504 mm, 5um). The

tsao powder was extracted three times with 75% methanol (15 L) for column was equilibrated with acetone/methanol/acetonitrile (1:2:2,

24 h according to the method described by Conde etld)) with a
slight modification. The extract was filtered with Whatman No. 1 filter
paper and evaporated on a vacuum rotary evaporatdf@) under

v/viv) at a flow rate of 0.7 mL/min. All of the analyses were conducted
in three replicates, and the results were averaged.
Determination of Antioxidant Activities Using the Thiocyanate

reduced pressure to remove the methanol. The aqueous solution wadMethod. The antioxidant activities of Hsian-tsao extracts and solvent-

successively partitioned usimghexane, benzene, ethyl acetate, acidic
ethyl acetate (pH 2), amatbutanol. Each fraction was then evaporated
in vacuo until dry and weighed to determine the yield, antioxidant
activity, and total phenolic compounds.

Isolation and Identification of the Antioxidants from Hsian-tsao
Extracts. Five grams of dried acidic ethyl acetate fraction of Hsian-
tsao was introduced on top of an Amberlite XAD-7 column (100
6.6 cm). The column was eluted with methanol/water/acetic acid (70:
29.9:0.1, v/vlv) solution and 100% methanol. Eluents of each 50 mL

fractionated compounds were determined using the thiocyanate method
(12). The extracts and fractionated compounds (final concentration

50 ug/mL, dissolved in water), antioxidants for BHA (final concentra-
tion = 10 ug/mL, dissolved in methanol) and-tocopherol (final
concentration 5Qg/mL, dissolved in methanol), were added at 0.5
mL into a test tube containing a mixture of linoleic acid (2.5 mL, 0.02
M) and potassium phosphate buffer (2 mL, 0.2 M, pH 7.0). The mixture
was incubated at 37C for 72 h. At regular intervals, an aliquot was
taken and reacted with ferrous chloride and thiocyanate. The absorbance

were collected, and the absorbance of each was measured at 280 nnfA) Of_ the reactant at 500 nm was mea§ure_d as peroxide value after the
using a spectrophotometer (Hitachi U-2000). Four subfractions (frac- reaction. A blank was also prepared with distilled water. Each sample
tions A—D) were found. The yield and antioxidant activity of each ~was runin triplicate. The percentage of inhibition of peroxidation (IP%)

subfraction were determined using the method described above. The(the capacity to inhibit peroxide formation in linoleic acid at 72 h)

yields of subfractions A, B, C, and D were 0.160, 3.259, 1.068, and
0.607 g, respectively.
Purification of subfraction B, which exhibited the strongest antioxi-

was calculated as follows: IP% [1 — (AsampidAcontro)] x 100.
Erythrocyte Ghost System of Antioxidant Compounds from
Hsian-tsao.Erythrocyte ghost membranes were prepared from human

dant activity among the four subfractions, was carried out using a blood cells using the method of Miyake et al5) with modification.
preparative HPLC equipped with a Develosil ODS 10 reversed phase Human blood (100 mL) was collected from healthy individuals, using

column (250x 20 mm i.d., Nomura Chemical Co.) and a bVis
detector (Hitachi Ltd.). The column was eluted with methanol/water/
acetic acid solution (10:89:1 to 20:79:1, v/v/v) at 5.0 mL/min. Five
compounds were isolated and identified as protocatechuic acigd (
= 17.74 min, 11.7 mg)p-hydroxybenzoic acidZ tr = 34.05 min,
19.8 mg), vanillic acid (3tr = 56.67 min, 20.3 mg), caffeic acid (4,
tr = 72.51 min, 80.4 mg), and syringic acifl,{r = 92.56 min, 6.8
mg) by means of UV, EI-MS, antH and**C NMR spectrometry. The
antioxidant activity of each compound (1 mg) dissolved in 1 mL of
methanol was determined using the thiocyanate method (12).
Determination of Total Phenolics. The concentrations of total
phenolics in Hsian-tsao extracts were measured using the -Folin
Ciocalteu assaylQ). A sample (0.1 mg) was dissolved in a test tube
with 0.1 mL of distilled waterr; 50% FolirCiocalteu reagent (0.1 mL)
was added and mixed in thoroughly. After an interval of 3 min, 2 mL
of 2% NaCO; solution was added, and the mixture was allowed to
stand for 30 min with intermittent mixing. The absorbance of the

heparin sulfate to prevent clotting, and diluted with 400 mL of PBS
(5 mM phosphate-buffered saline/l mM EDTA, 0.5 mM PMSF, pH
7.4) overnight. The diluted blood solution was centrifuged at $500
for 20 min, and the erythrocyte was collected and washed three times
with PBS. Erythrocyte ghost membranes were suspended in PBS
containing 0.5 mM PMSF at a concentration of 1 mg of protein/mL.
Erythrocyte ghost membranes were oxidized by incubation in the
presence of P& ion. Phenolic compounds (0.1 mL) were dissolved in
distilled water, and the sample solution was incubated with the ghost
suspension (0.5 mL), 0.1 mL of 5 mM Feg®.1 mL of 10 mM KClI,
0.1 mL of 0.05 mM ascorbic acid, and 0.1 mL of PBS. After incubation
at 37°C for 2 h, 0.5 mL of 10% HCl and 0.5 mL of 1% thiobarbituric
acid (TBA) solution were added to stop the reaction. The quantity of
TBA reactive substance (TBARS) was determined at 532 nm. A control
containing no added sample represented 100% lipid peroxidation.
Statistical Analysis.All results were obtained from three indepen-
dent experiments and averaged. Statistical analyses were performed

mixture at 750 nm was measured on a Hitachi spectrophotometer (modelaccording to theSAS User's GuideAnalyses of variance were
U-2000). A standard curve using gallic acid was also prepared. Resultsperformed using the ANOVA procedure. Significant differences

were expressed as milligrams per gram of extract of gallic acid
equivalents (GAE).

Determination of Ascorbic Acid. The ascorbic acid was determined
using the 2,6-dichloroindophenol (DIP) method with a modification
(13). One milligram of water extract of Hsian-tsao was dissolved in 1
mL of 1% metaphosphoric acid and filtered with Whatman No. 1 filter
paper. Nine milliliters of 5uM DIP was added to 1 mL of extract

between the means were determined using Duncan’s multiple-range
test.
RESULTS AND DISCUSSION

Antioxidant Compounds in Water Extract of Hsian-tsao.
The content of total phenolics, ascorbic acid, tocopherols, and

and incubated at room temperature for 15 s. The developed color wasf3-carotene in the water extract of Hsian-tsao was investigated,
measured at 515 nm using a Hitachi U-2000 model spectrophotometer.among which the total phenolics had the highest content of 185.4
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Table 1. Yields, Ratios, and Total Phenolic Contents of Various
Solvent-Extracted Fractions from the 75% Methanol Extract of
Hsian-tsao

yield? (mg/g phenolic
of Hsian-tsao ratio® content (mg/mg
fraction extract) (%) of extract)
n-hexane 81.16 + 25.09 8.1 0.05+0.01
benzene 55.05+7.44 55 0.07 £ 0.01
ethyl acetate 58.55 + 2.54 5.9 0.16 +0.03
acidic ethyl acetate (pH 2) 26.27 +4.15 2.6 0.46 £0.07
n-butanol 157.61 +13.18 15.8 0.15+0.02
residual water layer 621.38 £ 60.65 62.1 0.07 £0.03

2 Hsian-tsao powder (100 g) was extracted with 75% methanol (2 L) three times
at room temperature for 24 h, and the filtrate was evaporated to remove methanol.
The concentrate was successively fractionated with n-hexane, benzene, ethyl
acetate, acidic ethyl acetate (pH 2), and n-butanol. Values are means of three
replicate analyses. ° Ratio (%) = solvent extract/75% methanol extract.
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Figure 1. Antioxidant activity of solvent-extracted fractions from Hsian-
tsao extracts as measured by the thiocyanate method. The concentrations
of BHA and a-tocopherol were 10 and 50 ug/mL, respectively, and the
concentration of solvent-extracted fractions was 50 ug/mL. Different letters
indicate significant difference (p < 0.05). Each value is the mean * standard

mg/g of extract. The contents of ascorbic acid and tocopherols derivation of three replicate analyses.

were 5.96 and 0.33 mg/g of extract, respectivghCarotene

was not detected in the water extract of Hsian-tsao. Azuma et (1, 17—-19). Hence, this study focused on the purification of

al. (16) reported that the antioxidant activity of ascorbic acid
(257.8 mg/100 g of fresh weight) was found only during the
initial period of peroxidation, and the tocopherols (14.0 mg/
100 g of fresh weight) were found at much lower levels than
phenolic compounds inCorchorus olitorius L. Therefore,

the acidic ethyl acetate fraction, which had a stronger antioxidant
activity and higher contents of phenolic compounds.

To discover the constituents of the phenolic compounds of
the acidic ethyl acetate fraction of Hsian-tsao, the fraction was
fractionated into four subfractions (A—D). The antioxidant

ascorbic acid and tocopherols may not be the primary antioxi- activities of the subfractions at the same concentrationgg0
dant components in the water extract of Hsian-tsao. The mi were in the following order: BHA (1@g/mL) > fraction

antioxidant activity and the scavenging effects of the Hsian-
tsao water extract were highly correlated € 0.85) with the

B (50 ug/mL) > fraction E (50ug/mL) > fraction A (50ug/
mL) > a-tocopherol (50ug/mL) > fraction C (50ug/mL).

total phenolic contents (10). We suggest that the phenolic ysing preparative HPLC, purification of the subfraction of B,

compound could be the predominant antioxidant in the Hsian-

tsao water extract. Hence, in this work, the isolation, identifica-
tion, and efficacy of antioxidant polyphenolic compounds from
the Hsian-tsao water extract are investigated.

Antioxidant Activities by Thiocyanate Method and Total
Phenolic Compounds of Fractions from Hsian-tsaoHsian-

which exhibited the strongest antioxidant activity and highest
yields among the four subfractions, was carried. From-UV
vis, EI-MS, and*H and'3C NMR data, five purified compounds
were identified as protocatechuic acitl),(s-hydroxybenzoic
acid (2), vanillic acid 8), caffeic acid 4), and syringic acid
(5). The spectral characteristics of compountis5 were

tsao extracts obtained using 75% methanol were rich in the jdentical to those reported by Zhang et al. (20), Kuo and Shue

content of phenolic compound3able 1 shows the yields,

(21), Kuo and Shue (21) and Sakushima et al. (22), Uchida et

percentages, and total phenolic compounds of various solvent-a|. (23), and Chen et al24) and Inoshiri et al.35), respectively.

extracted fractions from the 75% methanol extract of Hsian-

tsao. Among the various fractions, the residual of the water layer

The structures of the five compounds are showikigure 2.
Antioxidant Activity of Purified Compounds. Linoleic Acid

had the highest yields, and the acidic ethyl acetate (pH 2) peroxidation.Figure 3 shows a comparison of the antioxidant

fraction had the lowest.

Antioxidant activities of various solvent fractions were
compared with those of BHA arw-tocopherol Figure 1 shows
that fractions extracted with acidic ethyl acetate (pH 2), ethyl
acetaten-butanol, and benzene exhibited significant antioxidant
activities. The antioxidant activity of BHA was 90% at the
concentration of 1@g/mL, and that ofx-tocopherol was 78%
at 50ug/mL. The antioxidant activities of these fractions at a
concentration of 5@g/mL were higher than that of BHA (90%)
at 10ug/mL and significantly higher than that aftocopherol
(78%) at 5qug/mL (p < 0.05), especially the acidic ethyl acetate
(pH 2) fraction, which exhibited 98.9% inhibition of peroxida-
tion on linoleic acid.

As shown inTable 1the acidic ethyl acetate (pH 2) fraction

activities of compound$—5 with the antioxidants.-tocopherol,
Trolox, BHA, and the antioxidant compounds of Hsian-tsao,
oleanolic acid, and ursolic acid, at the same concentration of
200ug/mL. The results showed that the antioxidant activity of
caffeic acid was stronger than that of the others. The antioxidant
activities of the isolated compounds were in the following
order: BHA= Trolox > 75% methanol extract of Hsian-tsao

> caffeic acid (4)> o-tocopherol> protocatechuic acidly >
syringic acid b) > vanillic acid @) > p-hydroxybenzoic acid

(2). Several studies have shown that caffeic acid is a very potent
antioxidant in different system&@, 27), with efficiency close

to or even greater than that of BHT2§). However, the
antioxidant activity is related to the structure, in particular to
electron delocalization of the aromatic nucleus present in

had the highest contents of phenolic compounds. This resultphenolic compounds. Pokorny (29) and Cuvelier et al. (30)

was similar to those of previous studieR)}, which showed

indicated that the presence of th&€ H=CH—COOH group in

that the contents of phenolic compounds could contribute cinnamic acid ensured greater antioxidant activity than did the

significantly to the antioxidant activity. Many investigations that
focused on fruits, vegetables, Du-zhofg¢ommia ulmoidgs
and plant extracts found positive and highly significant relation-

presence of the COOH group in benzoic acid. This may suggest
that the C=€ double bond participates in stabilizing the radical
by means of resonance. On the other hand, the fact that benzoic

ships between total phenolic contents and antioxidant activity acid was found to be less efficient than cinnamic acid tends to
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Figure 2. Structures of compounds isolated from M. procumbens.
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Figure 3. Comparison of antioxidant activity of isolated compounds and
Hsian-tsao water extract. The activity was determined by the thiocyanate
method. The concentration of BHA, o-tocopherol, Trolox, water extract
of Hsian-tsao, and isolated compounds was 200 u«g/mL. Different letters
indicate significant difference (p < 0.05). Each value is the mean + standard
derivation of three replicate analyses.

support a negative role for the COOH grog0). This is in
agreement with the results of our study.

Erythrocyte Ghost Systerihe biological membranes, par-
ticularly in cell, mitochondria, and erythrocytes, are considered
to be critical targets for cell damage. An erythrocyte ghost was
usually used as the target for biological damage. In this study,
the inhibitory effect of Hsian-tsao on lipid peroxidation of
erythrocytes membrane was investigated. Caffeic acid and
protocatechuic acid also showed higher activity in the erythro-
cyte ghost system assédyigure 4). On the basis of the structural
characteristics, it was concluded that telihydroxy groups
on the benzene rings could increase the levels of antioxidant
activity, and it could be the major mechanism caused by
suppression of chelating metal ions. Thus, the low protective
effects of vanillic and syringic acid on the erythrocyte ghost
system were caused by methoxylation of the hydroxyl groups,
which resulted in a rapid decrease in antioxidant activity due
to loss of the chelating capability. Miyake et all5) and
Sanbongi et al.31) reported that the aglycons of flavonoid

Hung and Yen

caffeic acid

protocatechuic
acid

75 % MeOH

a-tocopherol
p-hydroxybenzoic
acid

vanillic acid

syringic acid

10 20 30 40 50 60 70 80

Inhibition of peroxidation (IP %)
Figure 4. Inhibitory effect of water extract of Hsian-tsao, phenolic
compounds, and o-tocopherol on iron(1l)-initiated oxidation of the human
erythrocyte membrane ghost system. The concentration of sample was
100 ug/mL. Different letters indicate significant difference (p < 0.05). Each
value is the mean + standard derivation of three replicate analyses.

glycosides containing adjacent dihydroxy groups on the B ring
showed high antioxidant activity in the erythrocyte ghost system.
Ohnishi et al. 82) reported that caffeic acid and chlorogenic
acid inhibited the oxidation of the erythrocyte ghost induced
by H,O,. The data suggest that caffeic acid may act as a strong
antioxidant in Hsian-tsao and possesses a protective capability
in the biological membrane system.

In this study, five phenlolic compounds, protocatechuic acid,
p-hydroxybenzoic acid, vanillic acid, caffeic acid, and syringic
acid, were isolated from Hsian-tsao extracts. Results showed
that the phenolic compounds played important antioxidative
roles in Hsian-tsao extracts and that caffeic acid had high yield
and antioxidant activity. This finding may in part explain some
of the suggested health benefits of beverages made with Hsian-
tsao. If the antioxidant activity of Hsian-tsao was calculated as
100%, the total antioxidant efficiencies of the phenolic anti-
oxidant in the extract for caffeic acid were 9.1 and 12.2% in
thiocyanate method and erythrocyte ghost system, respectively.
These results mean that the Hsian-tsao extract might contain
other unknown antioxidant compounds. In our previous study,
some compounds with low antioxidant activity, such as ursolic
acid and oleanolic acid, have been isolated from Hsian-&2jo (
The results suggest that the antioxidant activity of Hsian-tsao
should have the other antioxidant compounds and/or may
express a synergistic effect. However, further study is needed.
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